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REVIEW ARTICLE 
BACTERIOLOGY OF PAKISTAN COASTAL WATERS SHRI1\1P 
RELEVANT TO INTERNATIONAL TRADE 
R.B. Qadri 
PCSIR Laboratories Complex, Karachi. 
International trade in shrimp has risen steadily in recent years the world over. The 
expansion of trade is dependent not only on traditional commercial factors but also on 
the bacteriological quality of the product, particularly from developing countries with 
endemic sanitary conditions and diseases. Importers have imposed strict bacteriological 
specifications for products purchased. Non-compliance with specifications may be 
ignored when demand is more than supply and when there is an option of obtaining 
better quality product. Specifications are rigidly applied with heavy losses to any 
industry when standards are slack. Pakistan has encountered this situation several times 
in the past.. 
The development of Pakistan's shrimp industry must, therefore, take into account the 
bacteriological specifications. Efforts must be made by an sections of industry and the 
Government to meet the requirements of the product meant for export. 
···To do this, a thorough knowledge of the bacteriology of shrimp (the main export of 
the fishery sector) must be obtained at all stages of harvesting, handling, and processing. 
Shrimp in their natural environment carry a commensal bacterial load. During 
catching and handling, contamination will occur as a result of contact with people and 
contaminated surfaces. In this way, food-borne pathogens can be acquired. 
The bacterial load on catches of shrimp can, therefore, vary considerably and the 
quality and wholesomeness of the catch win depend on the numbers and types of 
bacteria present and on their control during processing and marketing. 
NATURAL FLORA OF SHRIMP 
When considering the numbers and types of bacteria occurring naturaUy on shrimp, 
it is difficult to exclude the effects of contact with surfaces during handling and 
processing. Counts of 107 - 108 per cm2 have been found to build up on surfaces and ice 
coming in contact with shrimp after landing and during handling (Rafique et a.l., 1983). 
Data are available on the bacterial contents of shrimp examined at different levels of 
handling i.e. from trawlers prior to landing at fish harbour, from harbour after landing, 
and from retail markets (Shamshad et a.l., 1990). Bacterial counts of samples from the 
trawler, harbour and market ranged from 3.3x104-5.0xl06, 2.9xlQ6-2.5x107 and 1.4x107 -
l.lxl09 CFU/g, respectively. Distributions of the counts are presented in table 1. 
Total viable counts on shrimp from Karachi coastal waters ranged between lOS- 107 
(median 1.1.8xl06/g), 105 - 107 (median 2.6xlQ6/g), arid 105 - 107 (median 3.2x1Q6/g at 
37,30 and 25"C respectively. No significant differences were obtained between the two 
species of shrimp tested (Zuberi et a.l., 1985). The flora were composed largely of 
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Table 1: Distribution oftotal counts in trawler, harbour, and market samples. 
Number(%) 
Range Count/g Trawler Harbour Market Total NO(%) 
1()4- 105 6(9) 0 0 6(3) 
lOS- la' 22(33) 0 0 22(11) 
106 - 107 38(58) 48(73) 0 86(43) 
107 - lOS 0 18(27) 6(0) 24(12) 
108 - 109 0 0 57(86) 57(29) 
>105 0 0 3(57) 3(2) 
Total Number 66(100) 66(100) 66(100) 198(100) 
Shamshad et aL (1992). 
Table 2: Bacterial flora of fresh shrimp. 
Shrimp Pseudo- Vibrio Morax- Micro- Bacillus Flavo Acino- Alteromonas 
monas ella · coccus bacterium bacter 
Penaeus spp. 14.1 
Metapenaeus spp. 14.7 
Parapeneopsis spp.l3.8 
36.0 12.2 15.7 55.0 
32.8 16.0 21.5 5.0 
33.7 14.6 19.9 5.9 
10.6 
2.4 
3.8 
1.6 
1.2 
0.8 
2.0 
5.0 
6.8 
Table 3: Change in microflora during processing (percentage distribution). 
Microorganism 
Pseudomonas 
Vibrio 
Moraxella 
Acinobacter 
Flavobacterium 
Micrococcus 
Bacillus 
Aeromonas 
Before washing 
56 
27 
5 
12 
After washing 
42 
10 
14 
5 
17 
s· 
7 
Frozen sample 
32 
6.7 
25 
7.3 
27 
2 
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mesophilic organisms due to environmental temperature of 25-30"C (Zuberi et al., 1985). 
The initial viable count was, therefore, carried out at incubation temperature of 25-37°C. 
The flora in order of predominance were: Vibrio, Micrococcus, Pseudomona-s, 
Staphylococcus, Bacillus, and Flavobacterium at 37oC; Vibrio, Micrococcus, 
Pseudomonas, Moraxella, Flavobacerium, Bacillus, Alteromonas, and Acinobacter of 
300C; and Vibrio, Moraxella, Micrococcus, Pseudomonas, Flavobacterium, Bacillus, 
Alteromonsas and Acinobacter at 25°C. The major groups of bacteria comprising the 
flora were Vibrio, and psychrotropic species of Pseudomonas, Moraxella, Acinobacter, 
Alteromonas, and Flavobacterium. 
The percent composition of these organisms varied appreciably, but the order of 
dominance only slightly. There was no quantitative seasonal variance at 30 and 25°C, 
though qualitative seasonal variations were noticeable. During the summer (May, June, 
July), Vibrio sp. could be isolated in January and February (10°-26°C). These were 
present in various proportions during the remaining months of the year. The bacterial 
flora of three species of fresh shrimp are given in table 2. 
SPOILAGE FLORA 
From the time of catching, bacteriological spoilage of shrimp is inevitable unless, at 
some time_ in the processing· sequence, they are either heat sterilized or frozen and stored 
below -400C. The rate and type of spoilage win vary with the time and temperature of 
storage. While all fishery products should either be frozen chilled immediately after 
catching, it is of paramount importance with tropical products because the temperature of 
the sea from which they are taken is relatively high and the ambient temperatures even 
higher. They are, thus, doubly susceptible to spoilage. First, by mesophilic bacteria until 
cooled from their initial temperatures of 25-30oC to below 15°C and, second, by 
psychrotrophic bacteria from 20 to O"C. However, provided they are properly chilled, 
there is steadily accumulating evidence of an extended shelf life for tropical fish and 
shellfish in comparison to cold water species. 
Studies carried out in the PCSIR Laboratories Complex, Karachi (Shamshad et al., 
1992) showed a storage life upto 16 days at ooc. These shrimp had a shelf life of 1-3 
days at 150C and 6-12 hours at 350C. Storage at elevated temperatures had a profound 
effect on the quality of shrimp reducing shelf life drasticaUy. In another study on the 
storage of shrimp in ice (0°C), Zuberi and Qadri (1986) found that the flora of fresh 
shrimp in order of predominance was :Vibrio, Micrococcus, Pseudomonas, Moraxella, 
Flavobacterium, Bacillus, and Alteromonas. On spoiled shrimp is was: Alteromonas, 
Pseudomonas Group 11, Micrococcus, Pseudomonas Group 111, Moraxella and 
Bacillus. It was also noted that during storage, Vibrio and Flavobacterium disappeared 
and Altermonas and Pseudomonas Group 111 graduaHy increased at the onset of 
spoilage and dominated at the end. A gradual increase or decrease was also observed in 
the remaining flora. At l0°C, similar changes were recorded. However, at room 
temperature (22-300C), the mesophilic flora composed of Vibrio, Pseudomonas Group 
111, Bacillus, and Micrococcus were dominant (Zuberi et al., 1987). Total visible counts 
on shrimp after spoilage were in the order of lOS- 109 in ice after 12 days, 109 at 10"C, 
and 1010 after 24 hours at room temperature (22-30"C) (Zuberi et al., 1987). During 
processing, a viable count of 1()6 - lOS (1.2xl07 CFU/g) was reduced to 9.3xl06 CFU/g 
and further reduced slightly after freezing (lxl06 CFU/g). The changes in microflora 
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during processing aie presented in table 3 (Zuberi et al., 1983). 
ORGANISMS HAVING PUBLIC HEALTH SIGNIFICANCE 
Within $-is group bacteria are those organisms that when present on shrimp or any 
food, either pose a direct food poisoning hazard or, because of their close association 
with food-borne pathogens, act as indicators of their presence. The most commonly used 
indicator organisms in internation::il trade in shellfish are Escherichia coli (or faecal 
coliforms) and Staphylococcus aureus. With certain reservations, fishery products are 
still among the safest foods, in many studies of shrimps from the Karachi coast, the flora 
of freshly caught shrimp is virtually free from pathogens: coliforms are never present in 
excessive amounts (> 102/g) and E. coli and S. aureus occur infrequently and in small 
numbers only. . 
In one study (Shamshad et al., 1992), samples of shrimp taken from a trawler had 
very little E. coli. These would be considered a reasonably good quality product. This 
standard was not found in samples collected from the harbour and markets (Table 4). 
In any consideration of the incidence and significance of bacterial hazards involved 
with eating shellfish, two organisms .are of great importance: Clostridium 'botulinum and 
Vibrio parahaemolyticus, Clostridium botulinum has not been isolated from shellfish in 
Pakistan. Vibrio parahaemolyticus, a true marine organism, has become increasingly 
recognized as a food poisoning agent in many countries. Its presence is seas~mal and 
restricted to warmer inshore waters, particularly when the organic content is high. In a 
survey (Qadri and Zuberi, 1977) isolation of V. parahaemolyticus and V. alginolyticus 
were reported from fish and h.ni.mp of Karachi coastal waters. Sixty percent of the 
samples examined yielded V. parahaemolyticus. To date, there have been no reports of 
V: parahaemolyticus. Food poisoning outbreaks due to consumption of fish or shrimp 
from this region. V. parahaemolyticus has been shown to be highly sensitive to low 
temperature storage and it is unlikely that it will be implicated in human diseases in this 
region. 
BACTERIOLOGICAL QUALITY CONTROL 
Bacteriological testing of products is now well recognized as an integral part of 
quality control procedures in food industries throughout the world. To be truly effective,. 
testing must begin with the raw material and continue through the succeeding stages of 
processing and transport ·until it reaches the consumer. The indices used in quality 
control vary and may comprise one or more of the foUowing: 
1. Total plate count; 
2. Count of organisms of public health significance: 
coliforms, faecal coliforms, and E. coli; 
3. Count of potential food poisoning bacteria: 
Staphylococcus, Clostridium perteringens etc; 
4. Absence of food-borne pathogens: Salmonella 
Specifications of the "International Commission for Microbiological Standard of 
Food" (ICMSF, 1974) are applied in international trade (Table 5). Prior to the 
development of freezing , bacteriological testing of fishery products was largely-
retrospective. Today, international trade in shellfish is mostly in frozen products, which 
are relatively stable and can be held until the results of analyses are available. 
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Table 4: Distribution of faecal coliforms in trawler, harbour and market samples 
(Mpn/G geometric mean). 
Distribution (%) 
RangeMpn/g Trawler Harbour Market 
>10 45(68) 18(27) 0 
101 - 102 21(32) 12(18) 0 
102- 103 0 36(55) 25(38) 
103 - 1 ()" 0 0 36(55) 
> 1 ()" 0 0 0(7) 
Number tested 66(100) 66(100) 66(100) 
Table 5: Recommended bacteriologiql limits for shrimp. 
Product 
Frozen Shrimp 
Raw 
Cooked 
Breaded raw 
Test 
SPC 
Feacal coliform (Mpn) 
Stapylococcus 
V. parahaemolyticus 
SPC : Incubation temperature 35"C 
m : Acceptable level 
Sample No. 
to be 
examined 
5 
5 
5 
5 
M : Marginally acceptable level, values at or above unacceptable. 
Tolerance 
between 
m..:M 
3 
3 
3 
0 
Total NO(%) 
63(32) 
33(17) 
68(31) 
36(18) 
5(2) 
198(100) 
Limits/g 
m-M 
1()6 -107 
4 400 
1Q2 2XlQ3 
1Q2 
Table 6: Bacteriological examination of plant-processed shrimp in Karachi Pakistan. 
Processor 
Plant A 
Samples 100 
Plant B 
Samples 114 
Laboratory 
processed 
samples 106 
APC CFU/g . 
(G. Mean) 
9.6x106 
8.1xHY 
Coliform MPN 
(G. Mean) 
94 
180 
3 
F. Coliform MPN 
(G. Mean) 
41 
133 
3 
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Con.sequen.dy, processors can. n.ow grade their products an.d choose their market 
according to requirements. 
Examination. of table 6 shows the ICMSF limits can. be met with careful hygienic 
processing although some plan.ts may presen.t difficulties. Samples examined from plan.t 
B had higher 1aecal coun.ts compared to plan.t A. AU laboratory processed shrimp met the 
ICMSF requirement (Zuberi et al., 1983). 
THE ROLE OF GOVERNMENT IN THE SHRIMP EXPORTING INDUSTRY 
Some involvement of Government agencies is inevitable in a viable and stable 
shrimp exporting industry. To export shrimp, processors require letters of credit an.d 
insurance coverage to obtain. these, they require a fitn.ess certificate that can. on.ly be 
issued impartially by a competent laboratory of a n.on-profit agen.cy (n.ot merely by an. 
individual). Bacteriological work must be carried out by train.ed personnel. Reliable 
analyses are essential if frequent disputes between exporters and importers are to be 
avoided. At presen.t there is no mandatory system of monitoring fish/shrimp processing 
in Pakistan.. In the absen.ce of any legislation, inspection and quality control and its 
mon.itorin.g is n.ot obligatory. Pakistan Government has recently passed the Fish Quality 
Con.trol bill in the Parliament. It is expected that fish quality control and inspection. 
system which was badly needed will be strictly operative for the ben.efit of the industry. 
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